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$EVWUDFW
 7KH VSUD\ FRPEXVWLRQ FKDUDFWHULVWLFV RI UDSHVHHG PHWK\O HVWHUV 50( DQG  50(GLHVHO EOHQG ZHUH
LQYHVWLJDWHGDQGFRPSDUHGZLWKFRQYHQWLRQDOGLHVHOIXHOXVLQJDVZLUOIODPHEXUQHU7KHPDLQVZLUOLQJDLUIORZZDV
SUHKHDWHG WRHOHYDWHG WHPSHUDWXUHRIR&SULRU WRFRD[LDOO\HQYHORSLQJDQDLUEODVWDWRPL]HG OLTXLG IXHOVSUD\DW
DWPRVSKHULF SUHVVXUH 7KH UHDFWLQJ VSUD\ GURSOHWV ZHUH FKDUDFWHULVHG XVLQJ D SKDVH 'RSSOHU DQHPRPHWU\ 3'$
)ODPHLPDJLQJZDVHPSOR\HGWRLQYHVWLJDWHWKHIODPHUHDFWLRQDQGSRVWUHDFWLRQ]RQHV'URSOHWVORFDWHGDURXQGWKH
FHQWUHOLQH UHJLRQ RI WKH IODPHZHUH UHODWLYHO\ VPDOOZKLOH ODUJHU GURSOHWVZHUH IRXQG DW WKH VSUD\ ERXQGDU\ZLWK












RI FRQYHQWLRQDO GLHVHO IXHO ,Q UHFHQW \HDUV ELRGLHVHO KDV JDLQHG PXFK DWWHQWLRQ GXH WR LWV SURYHQ
IHDVLELOLW\DVVXEVWLWXWHIXHORUDVEOHQGZLWKGLHVHOIRUFRPSUHVVLRQLJQLWLRQHQJLQHV6RPHHQJLQHVWXGLHV
KDYH FRQFOXGHG WKH XVH RI ELRGLHVHO LQ HQJLQH FDQ UHVXOW LQ HQYLURQPHQWDO EHQHILW LQ WHUPV RI UHGXFHG
HPLVVLRQVLQSDUWLFXODU12[&2DQGXQEXUQHGK\GURFDUERQV>@7KHPHULWVRIELRGLHVHOKDYHSURPSWHG
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VSUD\ FRPEXVWLRQ SURSHUWLHV QHHG WR EH FKDUDFWHULVHG WKRURXJKO\ DJDLQVW EDVHOLQH IXHO 6HYHUDO JURXSV
KDYH LQYHVWLJDWHG WKH FRPEXVWLRQ SHUIRUPDQFH RI ELRGLHVHOV +DVKLPRWR HW DO >@ LQYHVWLJDWHG WKH














,WZDVUHSRUWHG WKDWVR\ELRGLHVHOJHQHUDWHG ODUJHUGURSOHWVL]H LQFROGVSUD\DQGKLJKHU12[HPLVVLRQV
XQGHUUHDFWLQJIORZ7KLVLQGLFDWHVWKDWGURSOHWFKDUDFWHULVWLFVFDQKDYHGLUHFWLQIOXHQFHRQHPLVVLRQV
 2XUSUHYLRXVZRUNFRPSDUHG WKH VSUD\FRPEXVWLRQSURSHUWLHVRISDOPELRGLHVHOZLWKEDVHOLQH
IXHOV >@7KH UHVXOW VKRZV WKDW12[ HPLVVLRQV DUH VLJQLILFDQWO\ UHGXFHG LQ WKH FDVHRISDOPELRGLHVHO







2.1 Burner system and fuels tested 





PP UHVSHFWLYHO\ 7KH D[LDO VZLUOHU FRQVLVWV RI HLJKW VWUDLJKW YDQHV SRVLWLRQHG DW R IURP WKH D[LDO
FHQWUHOLQHD[LVZLWKWKHJHRPHWULFVZLUOQXPEHURI7KHIXHOIORZUDWHZDVVXSSOLHGWRWKHDWRPL]HU
E\XVLQJD%URQNKRUVW&RULROLVPDVVIORZFRQWUROOHU0PLQL&25,)/2:DFFXUDF\7KH
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2.2 Fuel and operating conditions 

7KHPDLQEXONVZLUOLQJDLUZDVSUHKHDWHGWRDWHPSHUDWXUHRIR&SULRUWRLQWHUDFWLQJZLWKWKH
OLTXLG IXHO VSUD\ FRD[LDOO\ DW WKH EXUQHU RXWOHW 7KH DWRPL]LQJ DLU DQG WKH OLTXLG IXHO ZHUH GHOLYHUHG
LQGHSHQGHQWO\DWURRPWHPSHUDWXUHWRWKHEXUQHURXWOHWDWWKHIL[HGDWRPL]LQJDLUWRIXHOPDVVUDWLRRI




)XHO 0DLQDLUJV $WRPL]LQJDLUJV )XHOJV
'LHVHO   
50(   




3.1 Spray droplet characterisation 
$'SKDVH'RSSOHUDQHPRPHWHU3'$V\VWHP'DQWHFPP)LEHU3'$ZDVHPSOR\HGWR


















































ZLWK UDGLDO GLVWDQFH DQG GHFUHDVH ZLWK D[LDO GLVWDQFH 7KH LQFUHDVH RI GURSOHW 6DXWHU PHDQ GLDPHWHU
60'ZLWKUDGLDOGLVWDQFHFORVHWRWKHVSUD\RULJLQFDQEHH[SODLQHGE\WKHIROORZLQJIDFWRUVDODUJHU
GURSOHWV OHDYLQJ WKHVZLUOLQJVSUD\ WLSKDYHKLJKHUPRPHQWXPDQG WKHUHIRUHSHQHWUDWH IXUWKHU LQWR WKDQ
VPDOOHUGURSOHWVEODUJHUGURSOHWVXQGHUJROHVVHYDSRUDWLRQWKDQVPDOOHUGURSOHWVDVWKH\SDVVWKURXJK
WKH UHDFWLQJ ]RQH )XUWKHU DZD\ IURP WKH VSUD\ RULJLQ WKH GURSOHW VL]H GHFUHDVHV E\ HYDSRUDWLRQ DQG
UHDFWLRQOHDYLQJDFORXGRIPRUHXQLIRUPGURSOHWV7KHUHDUHRQO\PRGHVWGLIIHUHQFHVEHWZHHQIXHOW\SHV
50(VKRZVVOLJKWO\ODUJHUGURSOHWVWKDQGLHVHODQGWKHEOHQGEHKDYLRXULVFORVHUWRWKDWRIGLHVHO
7KH GURSOHW QXPEHU GHQVLW\ KRZHYHU GURSV GUDPDWLFDOO\ ZLWK GLVWDQFH IURP WKH H[LW DV WKH





HYDSRUDWLRQ UDWH RI ELRGLHVHO GXH WR LWV ORZHU YRODWLOLW\ DQG KLJKHU VXUIDFH WHQVLRQ 7KLV LV VRPHZKDW
VXUSULVLQJ DQGSRWHQWLDOO\ LQGLFDWHV WKDW WKH DGGLWLRQRI50( WRGLHVHO OHDGV WRQRQOLQHDU HYDSRUDWLRQ
HIIHFWVEXWZLWKDSRVLWLYHHIIHFWRIIDVWHUHYDSRUDWLRQWKDQH[SHFWHG
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VLJKWSODQDU IODPH LPDJHVZHUHDYHUDJHG  LPDJHV DQGGHFRQYROXWHGYLD$EHO WUDQVIRUPDWLRQ7KH
H[FLWHG&+LQWKHIODPHFDQEHXVHGDVDQLQGLFDWRURIKHDWUHOHDVHUDWH7KHSODQDUIODPHVWUXFWXUHVRI
GLHVHO50(GLHVHODQG50(VZLUOIODPHVDUHVKRZQLQ)LJDF'LHVHODQG50(GLHVHOEOHQG
VKRZ VLPLODU UHDFWLRQ ]RQHVZLWK WKHEXON RI WKH KHDW UHOHDVH DULVLQJRQ WKH LQQHU VLGH RI WKH YHORFLW\
VKHDUOD\HUZLWKWKHDQJOHIRUGLHVHOVOLJKWO\ZLGHU,QWKHFDVHRI50(IODPHKRZHYHUVLJQLILFDQWKHDW
UHOHDVHWDNHVSODFHZLWKLQWKHUHFLUFXODWLRQ]RQHDVZHOOIRUPLQJDKHDUWVKDSHUHJLRQ7KLVLVFRQVLVWHQW




50(ZLWKGLHVHOGLGQRWVKRZWKHSURSRUWLRQDO OXPLQRVLW\RIVRRWVLPLODU WRGLHVHOHYHQZLWK WKH
SUHVHQFHRIDURPDWLFV LQ WKHIXHO,QVWHDG WKHIODPHVWUXFWXUH LVVLPLODU WRSXUH50(IODPHZLWK ORZHU
LQWHQVLW\HPLWWHG IURPWKH UHDFWLRQ]RQH7KLVVXJJHVWV WKDWEOHQGLQJ50(ZLWKFRQYHQWLRQDO IXHOVFDQ





3.3 Global flame spectroscopy 

7KH IODPH HPLVVLRQ VSHFWURVFRS\ RI WKH IODPHV ZDV PHDVXUHG XVLQJ D VSHFWURPHWHU 2FHDQ
2SWLFVFRXSOHGZLWKDIRFXVLQJOHQV7KHUDGLDWLRQLQWHQVLW\RIWKHIODPHVZDVUHVROYHGVSHFWUDOO\IURP
WKH89WRQHDULQIUDUHGUDQJHQP)LJXUHVKRZVWKHJOREDOIODPHVSHFWUDREWDLQHGIURPWKH
WHVWHG IXHOV'LHVHO IODPHSUHVHQWVDSURPLQHQWEURDGEDQGVSHFWUXPEHWZHHQ WRQPGXH WR WKH
LQWHQVH OXPLQRVLW\ UDGLDWHGE\ WKH VRRW FRUUHVSRQGLQJ WR WKHFRORXU VSHFWUXPRI\HOORZRUDQJHDVZDV
REVHUYHG LQ WKH IODPH 7KH 50( IODPH FDQ EH FRQVLGHUHG VRRWIUHH EDVHG RQ WKH QHDU]HUR LQWHQVLW\
EHWZHHQWKHZDYHOHQJWKEDQGRIDQGQP$OWKRXJKDEURDGEDQGVSHFWUXPLVQRWSUHVHQWDVLQJOH
GLVWLQFWSHDNORFDWHGDWQPZDVREVHUYHGIURPWKH50(IODPHUDGLDWLRQZKLFKH[SODLQVWKHRUDQJH





































GURSOHWVGLVWULEXWHGDW WKHFHQWHU UHJLRQRI WKH IODPHDUH VPDOOHUFRPSDUHG WR WKRVH ORFDWHGRXWVLGH WKH
ERXQGDULHVRIIODPHUHDFWLRQ]RQH7KH50(IODPHUHDFWLRQ]RQHVKRZVDPRUHORFDOL]HGLQWHQVHIODPH
ZLWKQRVLJQRIVRRWFRPSDUHGWRGLHVHODQGEOHQG,QVWHDG50(IODPHVKRZVDGLVWLQFWSHDNDWQP
ZKLFK FDQ EH DWWULEXWHG WR WKH SUHVHQFH RI VRGLXP 7KH EOHQG RI 50(GLHVHO VKRZV D FRPEXVWLRQ





7KH ILQDQFLDO VXSSRUW IURP WKH 0LQLVWU\ RI +LJKHU (GXFDWLRQ DQG 8QLYHUVLWL 7HNQRORJL 0DOD\VLD
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